INTRODUCTION
During fruit storage, the evolution and changes of quality parameters are affected by both intrinsic (genotype) and extrinsic (environment) factors. Among physical treatments useful for maintaining the postharvest quality of fruits and vegetables, UV irradiation demonstrated to be effective in delaying fruit ripening and senescence and in reducing the incidence of postharvest spoilage. UV-C is effective in increasing the antioxidant capacity of strawberries in the postharvest period, in controlling the yellowing of broccoli florets, reducing the incidence of chilling injury in stored peach and pepper.
1,2 Concerning UV-B (less harmful for the user than UV-C), low and ambient UV-B irradiations inhibit the yellowing of stored green fruits and vegetables and increase the produce antioxidant contents. 3, 4 Recently, it has been
shown that postharvest UV-B treatments can improve, at least in selected genotypes, both the healthpromoting potential and the aesthetic properties of tomato and peach fruits by increasing anthocyanin contents. 5, 6 UV wavelengths may also affect other ripening-related parameters, as firmness that, in strawberries resulted affected by changes in the UV wavelengths transmitted by polythene films in protected cultivation. 7 Similarly, tomato firmness was influenced by post harvest UV-B irradiation, either in a positive 8 or in a negative way. 5 However, information on the effects of postharvest UV irradiation, and in particular of UV-B, on fruit cell wall metabolism is absent.
Peaches and nectarines (Prunus persica L. Batsch) are soft-fleshed drupes with a limited postharvest life.
Fruit softening during ripening is the major phenomenon that contributes to fleshy fruit perishability, together with mechanical damage, onset of physiological disorders and decay. The softening process involves multiple co-ordinated events leading to several modifications of the cell wall architecture and involving also transpirational loss of water and cell turgor.
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F o r P e e r R e v i e w 4 related phenotype. [13] [14] [15] Cooperatively to those enzymes, expansins (Exp) contribute to cell wall disassembly with a non-enzymatic mechanism. 16 Expansins are able to loosen the cell wall by disrupting non-covalent linkages at the cellulose/hemicellulose interface, relaxing the constraint to turgor-driven cell expansion. [17] [18] [19] The involvement of these (and other) enzymes has been ascertained also in ripening peach fruit by means of both molecular and biochemical studies. 11, 14, [20] [21] [22] According to the characteristics of textural changes and softening during ripening, peach fruits are essentially classified as Melting Flesh (MF) and Non-Melting Flesh (NMF). MF peaches are characterized by a rapid loss of flesh firmness (melting) in the last ripening stage in correspondence to the peak of ethylene biosynthesis. 14, 23 The NMF phenotype softens slowly but never melts despite high ethylene production and shows a firm texture even when the fruit is fully ripe. 24, 25 NMF fruits, that are traditionally grown for canning purposes, often show a limited development of the red coloration and aroma. 26 Peculiar softening traits characterize Slow Melting (SM) fruit, such as the 'Big Top' nectarines that retain flesh firmness on the tree for a long time, allowing full development of organoleptic quality.
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The present work was aimed to investigate whether a postharvest UV-B treatment was effective in slowing down the flesh softening process in peach and nectarine fruits with different flesh phenotypes (MF 'Suncrest', SM 'Big Top' and NMF 'Babygold 7'). Activities of a few cell wall degrading enzymes, as well as changes in transcript and protein levels of Endo-PGs and Exp were evaluated. Some qualityrelated traits (flesh firmness, SSC, TA, ethylene emission) were measured as well. Electronics, Eindhoven, The Netherlands), providing at fruit height 1.69 W m -2 . In the control chamber the UV-B lamps were shielded with benzophenone-treated polyethylene film to block the UV-B radiation. 28 To ensure uniform UV-B dose, fruits were aligned in rows parallel to the lamp tubes with their peduncle facing down, approximately 40 cm under the lamps.
EXPERIMENTAL
At the end of the UV-B treatment, mesocarp samples from the distal part of each fruit (the part directly exposed to UV-B) were pooled, frozen in liquid nitrogen and stored at −80 °C for subsequent analyses.
Determination of fruit quality traits
Fruit flesh firmness (N) was measured, after removing a small disc of skin from the equatorial zone of each cheek, by a digital penetrometer with an 8-mm probe (Model 53205, TR, Forlì, Italy). Total soluble solids content (SSC; °Brix) was measured by a digital refractometer (Model 53011, TR). Titratable acidity (TA) was determined by titration of 10 mL of juice with 0.1 M NaOH to an endpoint of pH 8.2 by using an automatic Schott Gerate titrator (Model T80/20), and expressed as meq NaOH 100 mL -1 . 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 modifications. Frozen samples were homogenized with half volume of 50 mM Na-acetate buffer (pH 5.0), 1 M NaCl and 10% polyvinylpolypyrrolidone (PVPP). The homogenate was stirred for 2 h at 4 °C and centrifuged (15000 g, 30 min, 4 °C). The supernatant was collected, dialyzed overnight against the extraction buffer without NaCl and assayed for enzyme activities at 30 °C in 1 mL of a reaction mixture containing 600 µL of 37.5 mM Na-acetate buffer (pH 4.5) and the proper substrates (0.2% polygalacturonic acid, 0.2% carboxymethylcellulose or 10 mM p-nitrophenyl-β-D-galactopyranoside, for
Exo-PG, EGase and β-Gal, respectively). 30 The reactions were started by addition of the enzyme extract, and aliquots of the reaction mixture were withdrawn in the course of the subsequent 4 h.
Exo-PG activity was measured by recording the increase in absorbance at 276 nm due to the generation of reducing ends (2-cyanoacetamide assay), 31 and expressed as µmol of galacturonic acid min -1 mg -1 protein.
EGase activity, generating reducing sugars, was expressed as increase in absorbance at 276 nm (∆Abs 276 ) min -1 mg -1 protein. For β-Gal activity, aliquots of the reaction mixture were poured into 600 µL of 0.4 M Na 2 CO 3 and the change in absorbance at 400 nm, due to the formation of p-nitrophenol, was recorded.
The enzyme activity was expressed as µmol·p-nitrophenol min -1 mg -1 protein.
Pectin methylesterase (PME, E.C. 3.1.1.11) was extracted by homogenizing frozen mesocarp in one volume of 1.5 M NaCl plus 10% PVPP. The homogenate was stirred for 10 min at 4 °C and centrifuged (15000 g, 30 min, 4°C). The supernatant was collected and adjusted to pH 7.5. PME activity was determined by measuring the increase in absorbance at 620 nm of a mixture containing 0.5% pectin, 
Gene expression
Total RNA was isolated from freeze-dried mesocarp using E.Z.N.A. Relative gene expression was calculated using the 2 -∆∆Ct method 42 using actin gene as the reference.
Average expression levels for each RNA were determined from the highly consistent triplicate reactions, with the range of the reactions never higher than 0.5 threshold cycle (Ct). PpEndo-PG gene specific primers were designed on the sequences reported by Gonzales-Aguero. 43 The primer sets used for assessment of PpExp1, PpExp2 and PpExp3 gene expression were designed on the sequences reported by
Pegoraro. 44 Actin primers were designed on the sequences reported by El-Sharkawy (Table 1) . 
Statistical analysis
Data were subjected to one-way analysis of variance (ANOVA) using the NCSS 2000 (NCSS Statistical
Software, Kaysville, UT, USA) software. Significant differences between UV-B treated and control fruits were calculated using at least three replicates, according to Tukey's test (P≤0.05).
RESULTS

Fruit quality traits and ethylene production
Data about fruit quality traits and ethylene production are shown in Table 2 . MF fruits exhibited the highest TA at t 0 , whereas lower and essentially similar values were observed in SM and NMF fruits. In any cultivar, TA remained unchanged after 36 h under both control and UV-B treatment conditions, with the exception of MF fruits, where it decreased significantly after UV-B exposure (-39% compared to control).
Ethylene evolution at t 0 was very high in NMF, lower in MF, and barely detectable in SM fruits. After 36 h, MF and, even more, SM control fruits showed a dramatic increase (about +200% and +5000%, respectively, compared to t 0 ) in ethylene production. Ethylene emission was significantly induced by UV-B treatment in MF (+51%) and to an even greater extent (+72%) in SM fruit, as compared to the (Figure 2A , C).
To ascertain whether the PpEndo-PG protein level was associated to Endo-PG activity, in gel enzyme activity was monitored. At t 0 Endo-PG activity was not detectable in any cultivar. In MF 'Suncrest' gel discoloration ascribable to Endo-PG activity became apparent after 36 h in control conditions and was slightly enhanced by the UV-B treatment. A similar although less pronounced behavior was observed in SM 'Big Top' fruit while Endo-PG activity was never detectable in NMF ( Figure 2B ).
The anti-LeExp1 antibodies immunoreacted with a polypeptide band of about 27 kDa, consistent with the molecular mass reported for peach expansins. 39,40 At t 0 , the expansin signal was absent or barely detectable, but after 36 h it became clearly visible in control fruits of MF, as well as, to a lesser extent, of SM. UV-B treatment lowered expansins levels in MF fruits and slightly increased them in SM, compared to the controls. In NMF, no expansins could be detected both in the absence and in the presence of UV-B treatment ( Figure 3 ).
Expression levels of a PpEndo-PG gene and of PpExp genes
In MF and SM the PpEndo-PG transcripts were low at t 0 and increased after 36-h in control fruits, to a greater extent in MF than in SM (about seven-and two-fold, respectively). In neither of the two cultivars UV-B treatment significantly affected the transcripts levels. In NMF fruits, PpEndo-PG transcripts could not be detected with the used primers, at any time and in any condition.
In peach, three expansin genes (PpExp1, PpExp2, PpExp3) have been identified and described. 47 The relative expression levels of PpExp1 and PpExp2 remained constant after 36 h in MF and SM control fruits, whereas they significantly increased in NMF. After the UV-B treatment, PpExp1 and PpExp2 were significantly less transcribed than in the corresponding control, particularly in NMF. The relative expression levels of PpExp3, i.e. the gene proposed to be mostly involved in peach softening, 47 increased significantly during the postharvest period in control fruit of all three cultivars. The 36-h UV-B treatment blocked the postharvest-related increase in PpExp3 transcript levels in MF and inhibited it in SM. In NMF fruits the PpExp3 expression levels were dramatically lower in UV-B treated fruits than in the corresponding control, and even lower than at t 0 (Table 3) .
DISCUSSION
Soluble solids content (SSC) and titratable acidity (TA) are important determinants of fruit quality affecting the consumer's perception of sweetness and sourness and the produce marketability. 48,49 Since consumer's acceptance for peach appears to be more sensitive to the SSC/TA ratio than to the absolute SSC values, 50 the higher SSC/TA ratios induced by the UV-B treatment in MF fruits suggests the possibility to use this radiation to improve fruit quality. The observed effects of UV-B treatment seem to act in an opposite direction than UV-C rays, which are reported to reduce the SSC/TA ratio in apple fruits.
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Flesh firmness is an indicator of the ripening stage and a reliable predictor of fruit behavior during the shelf life, being related to fruit susceptibility to mechanical damage and microorganism spoilage. mechanisms. In the present study, however, the UV-B irradiation conditions were homogeneous for all the three peach cultivars, suggesting that the different UV-B effects (significant inhibition of flesh softening in MF fruits and no effect in SM and NMF ones) might be linked to a genotype-dependent response.
Ethylene is involved in the trigger and regulation of the ripening process in climacteric fruits, including peach, as well as in the plant response to several stress signals. 61 According to literature, NMF fruits evolved higher amounts of ethylene than MF and, even more, than SM. 15,24,62,63 UV-B irradiation, in the conditions adopted in the present study, generally induced enhanced ethylene emission, probably acting as a stress factor. This phytoregulator has been suggested to be involved in the signaling pathway of UV-B, which induced enhanced ethylene production in green tissues of oat, tobacco, tomato, pear and Arabidopsis thaliana. 64 Consistently, in tomato fruits grown under UV-B deprivation, a marked decrease in ethylene production has been described. 65 Dismantling of the cell-wall architecture, due to changes in expression/activity of cell-wall localized enzymes acting on specific (mainly polysaccharide) components of this structure, is an important determinant of texture changes during ripening of fleshy fruits 21,46,61 and is often controlled by ethylene 66 .
Polygalacturonases and pectin methylesterase are considered as the primary degrading enzymes involved in the softening process. Their action is accompanied by other hydrolytic enzymes such as cellulase and β-D-galactosidase. 12,50 It is widely accepted that PGs (exo-and endo-acting) play a key role in peach flesh softening, their different presence/activity determining the MF/SM/NMF fruit phenotype.
13-15,37 14 The UV-B treatment had different effects on PpEndo-PG levels and activities, that increased in both MF and SM fruits, and PpEndo-PG gene expression, that were unaltered, compared to the related controls. The stability of PpEndo-PG mRNAs seems therefore unaffected by UV-B, whereas it may be speculated that the higher protein levels can be due to lower protein degradation under UV-B radiation by presently unknown mechanism(s).
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